Introduction
============

Osteosarcoma (OS) is a common primary malignancy in adolescents and children, and it is associated with a high incidence rate, rapid progression and distant metastasis ([@b1-ijo-54-06-1921]). The treatment of early OS is mainly surgical amputation. The 5-year survival rate of patients OS who only undergo amputation is approximately 16%. However, this type of surgery is highly traumatic and is associated with a high disability rate ([@b2-ijo-54-06-1921]). The application of neoadjuvant chemotherapy has significantly improved the 5-year survival rate of patients with OS; however, some patients are still insensitive to chemotherapy, and their treatment would also be affected by recurrence and metastasis of the tumor ([@b3-ijo-54-06-1921],[@b4-ijo-54-06-1921]). Although the occurrence of OS is relatively rare compared with other types of tumors, the basic research and clinical treatment strategies for OS have drawn much attention in the medical field, as it is associated with a high mortality and disability rate ([@b1-ijo-54-06-1921],[@b5-ijo-54-06-1921]). Therefore, it is important to identify effective and safe strategies with which to inhibit the progression of OS.

MicroRNAs (miRNAs or miRs) are a non-coding single chain RNA molecules of approximately 22 nucleotides in length, and they are widely distributed in plants, nematodes and human cells ([@b6-ijo-54-06-1921],[@b7-ijo-54-06-1921]). In 1993, scientists discovered miRNAs for the first time in *Caenorhabditis elegans* ([@b8-ijo-54-06-1921],[@b9-ijo-54-06-1921]). The number of miRNAs recognized in mammals has now reached tens of thousands. Researchers have found that miRNAs play a pivotal role in, for example, the biological processes of cell growth, differentiation, apoptosis and embryo development ([@b10-ijo-54-06-1921]-[@b13-ijo-54-06-1921]). The association between miRNAs and the occurrence and development of tumors has also attracted increasing attention in life science research ([@b14-ijo-54-06-1921]). Researchers have found that miRNAs can regulate the progression of OS ([@b15-ijo-54-06-1921]-[@b17-ijo-54-06-1921]). miR-9 is a member of the miRNA family, and it has been found to be abnormally expressed in a number of types of tumor cells, such as breast cancer, lung cancer, gastric cancer and OS ([@b18-ijo-54-06-1921]-[@b22-ijo-54-06-1921]). Nevertheless, the specific role and targets of miR-9 in OS have not yet been fully elucidated.

Mitogen-activated protein kinases (MAPKs) are a class of intracellular threonine tyrosine protein kinases, and signal transduction is composed of cascade 3 cascade reactions ([@b23-ijo-54-06-1921],[@b24-ijo-54-06-1921]). Studies have confirmed that MAPKs exist in the majority of cells, and are associated with the proliferation, differentiation and apoptosis of various cells ([@b25-ijo-54-06-1921]-[@b27-ijo-54-06-1921]). Three different MAPK signaling pathways, including p38 MAPK, c-Jun N-terminal kinase (JNK) and extracellular signal-regulated kinase (ERK) ([@b28-ijo-54-06-1921],[@b29-ijo-54-06-1921]), have been found in mammals. A number of studies have confirmed that these 3 signals can regulate the progression of various types of tumors, for example, OS, prostate cancer and glioma ([@b30-ijo-54-06-1921]-[@b32-ijo-54-06-1921]).

In the present study, a target gene for miR-9 was predicted in OS according to the [MicroRNA.org](http://MicroRNA.org) web site. We also examined the effects of miR-9 on the proliferation and cell cycle progression of human OS cells (Saos-2), and further analyzed the underlying molecular mechanisms.

Materials and methods
=====================

Tissue collection
-----------------

From May, 2016 to June, 2017, 25 OS tissues and adjacent normal tissues were collected from patients with OS who were underwent treatment at Henan Provincial People's Hospital (Zhengzhou, China). All patients signed informed consent forms, allowing their tissues to be used in this study. The Ethics Committee of Henan Provincial People's Hospital authorized this research.

Cells and cell culture
----------------------

Human OS cell lines (Saos-2) and 293 cells were obtained from JiningShiye (Shanghai, China). The cells were cultured in Dulbecco's modified Eagle's medium (DMEM; Solarbio, Beijing, China) containing 10% fetal bovine serum (FBS; MRC, Jiangsu, China) and 100X penicillin-streptomycin mixed solution (Leagene, Beijing, China) in an incubator at 37°C with 95% humidified and 5% CO~2~ (SR80G, Sheyanyiqi, Shanghai, China).

Cell transfection and grouping
------------------------------

hsa-miR-9 mimics, hsa-miR-9 inhibitors and miRNA negative control (50 nM) were purchased from GenePharma (Shanghai, China). For p16 interference, siRNA p16 and unspecific scrambled siRNA (control siNC) were purchased from GenePharma. The sequences of selected regions to be targeted by siRNAs for p16 were as follows: 5′-TGCTGTTAGCTCTGCTCTTGGGATTGGTTTTGGCCACTGACTGACCAATCCCAAGCAGAGCTAA-3′ (sense), 5′-CCTGTTAGCTCTGCTTGGGATTGGTCAGTCAGTGGCCAAAACCAATCCCAAGAGCAGAGCTAAC-3′ (antisense). All transfections of the Saos-2 cells were conducted with the cells at 50-60% confluence using Lipofectamine™ 2000 (Thermo Fisher Scientific, Beijing, China) at 37°C for 48 h.

This experiment established 10 different groups as follows: i) Negative control (Saos-2 cells were transfected with miRNA negative control); ii) hsa-miR-9 mimics (Saos-2 cells were transfected with hsa-miR-9 mimics); iii) hsa-miR-9 inhibitors (Saos-2 cells were transfected with hsa-miR-9 inhibitors); iv) control + p16-3′UTR (293 cells were transfected with miRNA negative control and p16-3′UTR); v) hsa-miR-9 + p16-3′UTR (293 cells were transfected with hsa-miR-9 mimics and p16-3′UTR); vi) hsa-miR-9 + p16-3′UTR-mut (293 cells were transfected with hsa-miR-9 mimics and p16-3′UTR-mutant); vii) si-p16 (Saos-2 cells were transfected with siRNA p16); viii) control + si-NC (Saos-2 cells were transfected with unspecific scrambled siRNA); ix) hsa-miR-9 inhibitors + si-NC (Saos-2 cells were transfected with hsa-miR-9 inhibitors and unspecific scrambled siRNA); and x) hsa-miR-9 inhibitors + si-p16 (Saos-2 cells were transfected with hsa-miR-9 inhibitors and siRNA p16). These cell groups were used in different assays as needed.

Luciferase reporter assay
-------------------------

The [MicroRNA.org](http://MicroRNA.org) website (<http://www.microrna.org/microrna/getMirnaForm.do>) was used to predict the target gene of miR-9, and the dual luciferase reporter assay was used to confirm the findings. Luciferase activity was detected using the double luciferase report system detection kit (Promega Corp., Madison, WI, USA). Firstly, hsa-miR-9 mimics and miRNA negative control were co-transfected with p16-3′UTR or p16-3′UTR mutant plasmids (400 ng) into 293 cells using Lipofectamine™ 2000 for 48 h. The cells were then lysed using 1X passive lysis buffer (PLB) at 37°C for 15 min. The cell suspension was transferred to a black enzyme plate. LARII and stop&Glo^®^ reagent (Promega Corp.) was then added to the plate in a drop-wise manner. Luciferase activity was measured using a GloMax^®^ Discover Multimode Microplate Reader (GM3000; Promega Corp.). pRL-TK (Promega Corp.) was used as an internal control.

Reverse transcription-quantitative PCR (RT-qPCR)
------------------------------------------------

Total RNA was isolated from the cells and tissues using an RNA extraction kit (Takara, Beijing, China). cDNA was synthesized using a ABScript II cDNA First Strand Synthesis kit (ABclonal, Wuhan, China). The reaction conditions were set at 85°C for 15 min. Subsequently, cDNA was amplified using the TeloPrime Full-Length cDNA Amplification kit (Lexogen, Beijing, China). qPCR experiments were performed using a SYBR Premix Ex Taq™ Real-Time PCR Kit (Takara Bio, Inc., Otsu, Japan). The reaction conditions were set at 90°C for 20 sec, (at 90°C for 10 sec and at 58°C for 40 sec) for 35 cycles, at 72°C for 3 min. The sequences of the primers used are listed in [Table I](#tI-ijo-54-06-1921){ref-type="table"}. U6 and GAPDH were used as internal controls. Gene expression was quantified using the 2^-ΔΔCq^ method ([@b33-ijo-54-06-1921]).

Western blot analysis
---------------------

Total protein was isolated from the cells and tissues were using RIPA buffer (Solarbio). The BCA protein assay (Thermo Fisher Scientific) was carried out to measure the contents of the proteins. Each protein (10 *μ*g) was separated by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and blotted onto a PVDF membrane (Reno, Hangzhou, China). Subsequently, the PVDF membrane was soaked in TBST-soluble 5% dried skimmed milk at room temperature for 2 h. The membrane was respectively bound to the corresponding primary antibodies \[anti-p16, ab118459, 1:800; anti-ERK, ab224313, 1:700; anti-p-ERK, ab214036, 1:700; anti-JNK, ab208035, 1:1,000; anti-p-JNK, ab124956, 1:1,000; anti-GAPDH, ab181602, 1:800; all from Abcam (Cambridge, MA, USA); anti-cyclin A, sc-271682, 1:800; anti-cyclin D1 sc-246, 1:1,000; anti-c-Myc, sc-373712, 1:600; anti-p-38, sc-7972, 1:800; anti-p-p38 sc-7975-R, 1:800; all from Santa Cruz Biotechnology (Santa Cruz, CA, USA)\] at 4°C for 24 h. After binding, the PVDF membrane was bound to the corresponding secondary antibodies (goat anti-rabbit IgG H&L, ab150077, 1:6,000; rabbit anti-mouse IgG H&L, ab6726, 1:6,000; Abcam) at 37°C for 1 min. The blots were assessed using ECL detection reagent (Yeasen, Shanghai, China), and densitometry was performed using the Bio-Rad ChemiDoc system with Image Lab software version 6.0 (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Cell counting kit-8 (CCK-8) assay
---------------------------------

The Saos-2 cells were seed in a 96-well plate (1.5×10^3^ cell/well) in an incubator at 37°C for 24 h. The cells were subjected to transfection with the corresponding plasmids for 0, 12 and 24 and 48 h. Subsequently, the cells were treated with CCK-8 reagent at 37°C for 4 h. The value of OD at 450 nm was read using a SpectraMax iD5 microplate reader (Molecular Devices, Shanghai, China).

Colony formation assay
----------------------

The Saos-2 cells were seeded in a 60-mm culture dish (2.5×10^4^ cell/ml) in an incubator for 24 h at 37°C. The cells were then exposed to miRNA negative control, hsa-miR-9 mimics and hsa-miR-9 inhibitors. After the cells have been transfected for 24 h, the cells were fixed using polyoxymethylene at room temperature for 20 min. The cells were then stained by 0.1% crystal violet (Solarbio) at room temperature for 30 min.

Cell cycle assay
----------------

The Saos-2 cells were seeded in a 6-well plate (3×10^4^ cell/well) in an incubator at 37°C for 24 h. The cells were then exposed to the corresponding plasmids for 48 h. The cells were then fixed by paraformaldehyde for 25 min at 4°C. The cells were subsequently stained with propidium iodide (PI; Leagene, Beijing, China) for 30 min at room temperature. At least 4×10^3^ cells were collected for assay using a FACScan flow cytometer (BD Biosciences, San Jose, CA, USA).

Establishment of mouse model of OS
----------------------------------

All animal experiments were performed following the approval of the Henan Provincial People's Hospital Animal Ethics Committee and according to the Guidelines for the Care and Use of Laboratory Animals. A total of 6 Balb/c nude mice per group (6-8 weeks old; weighing 20±2 g) were provided by Rochen (Shanghai, China). Following transfection, the Saos-2 cells suspension (10^6^ cells per mouse) was injected into the subcutaneous tissue of the nude mice to produce OS tumor xenografts.

Tumor volume and weight assay
-----------------------------

After 15, 20, 25, 30, 35, 40 and 45 days of culture, the length and width of the tumors in each group of animals (6 in each group; 3 groups) were counted using the caliper, tumor volume = (width^2^ × length)/2, as previously described ([@b34-ijo-54-06-1921]). The animals were sacrificed after 45 days. Tumor mass was calculated. The tumor weights were detected using an electronic balance (SECURA213-1CN; Sartorius, Goettingen, Germany).

Immunohistochemistry (IHC)
--------------------------

The animals were sacrificed and tumors were collected. The samples were dehydrated in a graded ethanol followed by routine paraffin embedding and sectioning. The paraffin-embedded tissue slices were then washed with distilled water 3 times. The slices were soaked in a citrate buffer (pH 6.0) at room temperature for 30 min. The hydrogen peroxide reagent was then dripped into the slices at room temperature for 10 min. Subsequently, the slices were sealed using goat serum at room temperature for 20 min. The anti-p16 antibody (ab151303, 1:800) was added to the slices at 4°C for 24 h. The following day, the secondary antibodies (goat anti-rabbit IgG-HRP; ab205718, 1:2,000) (both from Abcam) were dripped onto the slices at room temperature for 20 min. The slices were then stained by DAB staining solution (Leica, Shanghai, China) at room temperature for 15 min. The slices were then cleaned with distilled water for 3 times. Subsequently, the slices were dyed using hematoxylin (Solarbio) for 3 min at room temperature. The slices were observed under a fluorescence microscope (MF43; Mshot, Guangzhou, China).

Statistical analysis
--------------------

The data are presented as the means ± standard deviation (SD) and were analyzed using IBM SPSS 20 statistical software. The Student's t-test was used to analyze differences between 2 groups and differences between the paired patient tissues. The differences among groups were analyzed by one-way analysis of variance (ANOVA) followed by Dunnett's t-test. The Chi-square test was carried out to examine the association between p16 expression and the clinicopathological characteristics of the patients with OS. Pearson's correlation test (2-tailed) was applied to analyze the correlation between p16 and miR-9 expression. A value of P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

miR-9 is expressed at high levels and p16 is expressed at low levels in patients with OS
----------------------------------------------------------------------------------------

In order to examine the expression of miR-9 and p16 in normal tissue and OS tissue, western blot analysis and RT-qPCR were performed. As shown by the RT-qPCR data, the mRNA level of miR-9 in the OS tissue was higher than that in the normal tissue; however, the mRNA level of p16 in the OS tissue was lower than that in the normal tissue ([Fig. 1A and B](#f1-ijo-54-06-1921){ref-type="fig"}). In addition, the western blot analysis results revealed that compared to the normal tissue, the p16 protein level was decreased in the OS tissue ([Fig. 1C](#f1-ijo-54-06-1921){ref-type="fig"}). A negative correlation between the expression of miR-9 and p16 in 4 randomly selected pairs of OS patient tissue ([Fig. 1D](#f1-ijo-54-06-1921){ref-type="fig"}) was also observed. The clinicopathological data demonstrated that rather than age or sex, a low expression of p16 in patients with OS was associated with tumor size, TNM stage and lung metastasis ([Table II](#tII-ijo-54-06-1921){ref-type="table"}).

miR-9 depletion suppresses the proliferation of Saos-2 cells
------------------------------------------------------------

The results of RT-qPCR revealed that the miR-9 mRNA level was increased in the cells exposed to hsa-miR-9 mimics, while the mRNA levels of miR-9 were decreased in the cells transfected with hsa-miR-9 inhibitors ([Fig. 2A and D](#f2-ijo-54-06-1921){ref-type="fig"}). As shown by the results of CCK-8 assay, the value of OD at 450 nm was enhanced in the cells transfected with hsa-miR-9 mimics ([Fig. 2B](#f2-ijo-54-06-1921){ref-type="fig"}); however, it was decreased in the cells transfected with hsa-miR-9 inhibitors ([Fig. 2E](#f2-ijo-54-06-1921){ref-type="fig"}). The colony formation assay results indicated that the relative colony number was increased in the cells transfected with hsa-miR-9 mimics ([Fig. 2C](#f2-ijo-54-06-1921){ref-type="fig"}), whereas it was decreased in the cells transfected with hsa-miR-9 inhibitors ([Fig. 2F](#f2-ijo-54-06-1921){ref-type="fig"}).

miR-9 depletion arrests the cell cycle at the G1 phase by downregulating cyclin A, cyclin D1 and c-Myc expression in Saos-2 cells
---------------------------------------------------------------------------------------------------------------------------------

The cell cycle analysis data revealed that the number of S phase cells was high in the hsa-miR-9 mimics group, whereas the number of cells in the G1 phase was elevated in the hsa-miR-9 inhibitors group. However, the number of cells in the G2 phase in the hsa-miR-9 mimics and hsa-miR-9 inhibitors group decreased ([Fig. 3A](#f3-ijo-54-06-1921){ref-type="fig"}). In addition, the protein and mRNA levels of cyclin A, cyclin D1 and c-Myc were upregulated in the hsa-miR-9 mimics, but downregulated in the hsa-miR-9 inhibitors group ([Fig. 3B and C](#f3-ijo-54-06-1921){ref-type="fig"}).

miR-9 depletion increases p16 expression in Saos-2 cells
--------------------------------------------------------

According to the [microRNA.org](http://microRNA.org) website, p16 was a target gene for miR-9. By performing luciferase assay, we then found that the luciferase activity was suppressed in the cells transfected with hsa-miR-9 mimics and p16-3′UTR; however, it remained stable in the hsa-miR-9 + p16-3′UTR mut group cells ([Fig. 4A](#f4-ijo-54-06-1921){ref-type="fig"}). The mRNA and protein expression levels of p16 were also found to be elevated when the cells were transfected with hsa-miR-9 inhibitors. However, when the cells were transfected with hsa-miR-9 mimics, the mRNA and protein levels of p16 were suppressed ([Fig. 4B and C](#f4-ijo-54-06-1921){ref-type="fig"}).

Silencing of p16 enhances the proliferation of Saos-2 cells by promoting cell cycle G1 phase to S phase transformation
----------------------------------------------------------------------------------------------------------------------

As shown by the results of RT-qPCR and western blot analysis, the mRNA and protein levels of p16 were decreased in the cells transfected with siRNA p16, compared to the negative control ([Fig. 5A and B](#f5-ijo-54-06-1921){ref-type="fig"}). The CCK-8 data also revealed that the OD value was elevated in the cells transfected with siRNA p16 ([Fig. 5C](#f5-ijo-54-06-1921){ref-type="fig"}). The depletion of p16 significantly increased the number of cells in the S phase, while it reduced the number of cells in the G1 phase ([Fig. 5D](#f5-ijo-54-06-1921){ref-type="fig"}).

Silencing of p16 reverses the inhibitory effects of miR-9 inhibitor on Saos-2 cell proliferation by promoting cell cycle G1 phase to S phase transformation
-----------------------------------------------------------------------------------------------------------------------------------------------------------

The results of qRT-qPCR and western blot analysis revealed that the mRNA and protein levels of p16 were markedly decreased in the hsa-miR-9 inhibitors + si-p16, compared to the hsa-miR-9 inhibitors + si-NC group ([Fig. 6A and B](#f6-ijo-54-06-1921){ref-type="fig"}). When the cells were transfected with has-miR-9 inhibitors and siRNA p16, the OD value was elevated ([Fig. 6C](#f6-ijo-54-06-1921){ref-type="fig"}), and the number of cells in the G1 phase decreased, and the number of cells in the G2 phase increased (P\<0.05; [Fig. 6D](#f6-ijo-54-06-1921){ref-type="fig"}).

Silencing of p16 reverses the inhibitory effects of miR-9 inhibitor on the activation of the ERK/p38/JNK pathway in Saos-2 cells
--------------------------------------------------------------------------------------------------------------------------------

To examine the effects of miR-9 inhibitor and siRNA p16 on the ERK/p38/JNK pathway in Saos-2 cells, western blot analysis was performed. The results revealed that miR-9 inhibitor suppressed the phosphorylation of ERK, p38 and JNK. Nevertheless, the expression levels of total ERK, p38 and JNK remained stable. The proportions of p-ERK/ERK, p-p38/p38 and p-JNK/JNK were markedly reduced in the hsa-miR-9 inhibitors + si-NC group. However, in comparison with the hsa-miR-9 inhibitors + si-NC group, the phosphorylation levels of ERK, p38 and JNK were elevated in the hsa-miR-9 inhibitors + si-p16 group. The proportions of p-ERK/ERK, p-p38/p38 and p-JNK/JNK were also increased in the hsa-miR-9 inhibitors + si-p16 group ([Fig. 7](#f7-ijo-54-06-1921){ref-type="fig"}).

Silencing of p16 reverses the inhibitory effects of miR-9 inhibitor on tumor growth in mice with OS
---------------------------------------------------------------------------------------------------

As shown by the images in [Fig. 8A](#f8-ijo-54-06-1921){ref-type="fig"}, the tumors in the hsa-miR-9 inhibitors + si-NC group were smaller than those in the hsa-miR-9 inhibitors + si-p16 group. In addition, according to the results of our calculations, as time progressed, the volume of the tumors increased. The tumor volume in the hsa-miR-9 inhibitors + si-p16 group was larger than that in the hsa-miR-9 inhibitors + si-NC group ([Fig. 8B](#f8-ijo-54-06-1921){ref-type="fig"}). The IHC results also revealed a large number of evident brown particles in the hsa-miR-9 inhibitors + si-NC group ([Fig. 8C](#f8-ijo-54-06-1921){ref-type="fig"}). Additionally, the tumor weight in the hsa-miR-9 inhibitors + si-p16 group was greater than that in the hsa-miR-9 inhibitors + si-NC group ([Fig. 8D](#f8-ijo-54-06-1921){ref-type="fig"}).

Discussion
==========

miRNAs, which are the key regulators of cancer and can regulate the proliferation, migration and invasion of tumor cells, can function both as oncogenes and tumor suppressors. miR-9 has been shown to be highly expressed in lung cancer, hepatocellular carcinoma and OS ([@b35-ijo-54-06-1921]-[@b37-ijo-54-06-1921]) and to be expressed at low levels in ovarian cancer and nasopharyngeal carcinoma ([@b38-ijo-54-06-1921],[@b39-ijo-54-06-1921]). In this study, we found that the expression of miR-9 in OS tissue was higher than that in adjacent normal tissue. Furthermore, Zhu *et al* have proven that miR-9 facilitates the growth of OS cells ([@b37-ijo-54-06-1921]). Similar to the findings of this previous study, in this study, we observed that miR-9 mimics increased the proliferation and colony numbers of Saos-2 cells, while miR-9 inhibitors reduced the proliferation and colony numbers of the cells. This phenomenon suggest that miR-9 exerts oncogenic effects on OS.

An uncontrolled cell cycle is the cause of tumor growth and malignant cell proliferation ([@b40-ijo-54-06-1921],[@b41-ijo-54-06-1921]). Hence, in this study, we examined the role of miR-9 in the cell cycle of Saos-2 cells. Liu *et al* demonstrated that miR-9 depletion blocked N2a cells cells at the G1 phase ([@b42-ijo-54-06-1921]). The data from this study revealed that miR-9 mimics arrested the cells in the S phase, and miR-9 inhibitors arrested the cells in the G1 phase. Cyclin A, cyclin D1 and c-Myc expression levels were detected to examine the molecular mechanisms of the cell cycle. The main function of cyclin D1 is to promote cell proliferation. Cyclin D1 combines and activates the cyclin-dependent kinase 4 (CDK4) specific to the G1 phase, the inhibitor protein (Rb) of which is therefore phosphorylated. The phosphorylated Rb protein dissociates from its E2F transcription factor, and the E2F transcriptional factor begins to transcribe the gene of the living cell cycle, thereby promoting the cell cycle into the S phase from the G1 phase ([@b43-ijo-54-06-1921]). Cyclin A mainly activates CDK2 and CDK1 to regulate chromosome replication and mitosis ([@b44-ijo-54-06-1921],[@b45-ijo-54-06-1921]). The c-Myc gene is an important member of the myc gene family and promotes cell division ([@b46-ijo-54-06-1921]). According to a previous study, miR-9 promotes the growth and cell cycle progression of bladder cancer cells by increasing cyclin D1 expression ([@b47-ijo-54-06-1921]). Zhou *et al* testified that miR-632 accelerated cell proliferation in laryngeal cancer by upregulating cyclin D1 and c-Myc expression ([@b48-ijo-54-06-1921]). The findings of this study demonstrated that miR-9 mimics promoted cyclin A, cyclin D1 and c-Myc expression levels, while miR-9 inhibitors suppressed cyclin A, cyclin D1 and c-Myc expression levels. These results suggest that miR-9 facilitates the proliferation of Saos-2 cells by arresting the cells in the S phase, and upregulating cyclin A, cyclin D1 and c-Myc expression levels.

p16 is one of the most common suppressor genes of human tumor cells, encoding a 16 kDa protein, namely the p16 protein ([@b49-ijo-54-06-1921],[@b50-ijo-54-06-1921]). In 1994, Nobori *et al* suggested that the role of p16 in cancer suppression was far greater than the role of p53, and its deletion or mutation was associated with the occurrence of a variety of tumors ([@b51-ijo-54-06-1921]). In this study, p16 was found to be expressed at low levels in OS tissue compared to adjacent normal tissue. In addition, p16 is a cyclin dependent inhibitor (CDI), which can negatively regulate the cell cycle by inhibiting CDK ([@b50-ijo-54-06-1921],[@b52-ijo-54-06-1921],[@b53-ijo-54-06-1921]). The inactivation of the p16 gene will lead to excessive cell proliferation ([@b54-ijo-54-06-1921]). Thus, we hypothesized that p16 may affect cell proliferation in OS. As expected, we observed that the silencing of p16 significantly promoted the proliferation of Saos-2 cells by arresting the cells in the S phase.

miRNAs are involved in the progression of various types of cells by regulating their target genes ([@b55-ijo-54-06-1921]-[@b57-ijo-54-06-1921]). O'Loghlen *et al* demonstrated that the miR-9 family control senescence by mediating p16 gene in cancer ([@b58-ijo-54-06-1921]). Hence, we hypothesized that miR-9 and p16 might have a certain connection in OS. Notably, in this study, according to the [microRNA.org](http://microRNA.org) website prediction, the 3′-UTR of p16 mRNA had the complementary sites for hsa-miR-9. The luciferase activity was attenuated in the hsa-miR-9 + p16-3′UTR group; however, no change was observed in the hsa-miR-9 + p16-3′UTR mut group. Moreover, miR-9 mimics decreased the expression of p16; however, miR-9 inhibitors increased p16 expression. These data suggest a negative correlation between miR-9 and p16 in OS. Importantly, p16 was found to be a target gene of miR-9 in OS.

To further verify that p16 is a target gene of miR-9 in OS, the growth of Saos-2 cells was measured following transfection with hsa-miR-9 inhibitors and siRNA p16. Furthermore, the effects of miR-9 inhibitor and si-p16 on tumor growth in mice with OS were investigated. The results revealed that the silencing p16 reversed the repression impact of miR-9 on cell growth by arresting G1 phase. *In vivo*, the data also revealed that p16 depletion reversed the suppressive effects of miR-9 inhibitor on tumor growth. This phenomenon indicated that the carcinogenic effects of miR-9 in OS involve the direct targeting of p16.

Researchers have demonstrated that ERK/p38/JNK pathway involves the regulation of the proliferation, differentiation, apoptosis and metastasis of various cancer cells ([@b23-ijo-54-06-1921],[@b24-ijo-54-06-1921],[@b28-ijo-54-06-1921],[@b29-ijo-54-06-1921]). Wang *et al* confirmed that miR-155 increases OS cell growth by regulating MAPK signaling ([@b59-ijo-54-06-1921]). Gui *et al* indicated that miR-497 inhibited the proliferation of OS cells by targeting the MAPK/ERK pathway ([@b60-ijo-54-06-1921]). Zhang *et al* demonstrated that miR-9 inhibited the growth of hepatocellular carcinoma cells by mediating ERK signaling ([@b61-ijo-54-06-1921]). Ben-Hamo and Efroni proved that miR-9 regulated the p38 pathway in glioblastoma multiforme ([@b62-ijo-54-06-1921]). Herein, we hypothesized that miR-9 may regulate the ERK-p38-JNK pathway in OS. Fortunately, our data revealed that miR-9 inhibitors downregulated the phosphorylation levels of ERK, p38 and JNK. Nevertheless, the silencing of p16 reversed the suppressive effects of miR-9 inhibitor on the ERK/p38/JNK pathway. These results demonstrated that miR-9 depletion downregulates the ERK/p38/JNK pathway by targeting p16.

This study also had some limitations, for example, the number of patients with OS enrolled was not sufficient and the trial period was too short. We thus aim to carry out further studies in the future with a larger sample size in order to validate the results of this study.

In conclusion, the findings of this study demonstrated that miR-9 depletion suppresses cell proliferation by targeting p16 and mediating the activation of the ERK/p38/JNK pathway in OS. These results provide the foundation for future studies on the pathogenesis of OS.
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![miR-9 is highly expressed and p16 was expressed at low levels in patients with OS. (A and B) The mRNA levels of miR-9 and p16 in OS tissue and adjacent normal tissue were analyzed by RT-qPCR. (C) Western blot analysis was applied to detect p16 expression. (D) The correlation between the mRNA levels of miR-9 and p16 in OS was determined. ^\*\*^P\<0.01 vs. normal tissue. OS, osteosarcoma.](IJO-54-06-1921-g00){#f1-ijo-54-06-1921}

![miR-9 depletion decreases the proliferation of Saos-2 cells. Saos-2 cells were subjected to transfection with hsa-miR-9 mimics, hsa-miR-9 inhibitors and miRNA negative control. (A) hsa-miR-9 mRNA expression was detected by RT-qPCR in cells transfected with hsa-miR-9 mimics. (B) The OD value at 450 nm was read by CCK-8 assay in cells transfected with hsa-miR-9 mimics. (C) Colony formation was analyzed by crystal violet staining in cells transfected with hsa-miR-9 mimics. (D) hsa-miR-9 mRNA expression was detected by RT-qPCR in cells transfected with hsa-miR-9 inhibitors. (E) The OD value at 450 nm was read by CCK-8 assay in cells transfected with hsa-miR-9 inhibitors. (F) Colony formation was analyzed by crystal violet staining in cells transfected with hsa-miR-9 inhibitors. ^\*\*^P\<0.01 vs. negative control.](IJO-54-06-1921-g01){#f2-ijo-54-06-1921}

![miR-9 depletion arrests the cells at the G1 phase by downregulating cyclin A, cyclin D1 and c-Myc expression in Saos-2 cells. (A) Cell cycle was examined by flow cytometry. (B and C) Western blot analysis and RT-qPCR were performed to assess cyclin A, cyclin D1 and c-Myc expression levels. ^\*^P\<0.05 and ^\*\*^P\<0.01 vs. negative control; ^\#^P\<0.05 and ^\^\^^P\<0.01 vs. negative control.](IJO-54-06-1921-g02){#f3-ijo-54-06-1921}

![miR-9 depletion increases the expression of p16 in Saos-2 cells. (A) The [microRNA.org](http://microRNA.org) website was performed to predict the potential target gene for miR-9. Luciferase activity was evaluated using a dual luciferase reporter gene assay kit. ^\*\*^P\<0.01 vs. control + p16-3′-UTR; ^\#\#^P\<0.01 vs. hsa-miR-9 + p16-3′-UTR. (B) The mRNA levels of p16 were determined by RT-qPCR. (C) p16 protein expression was assessed by western blot analysis. ^\*\*^P\<0.01 vs. negative control.](IJO-54-06-1921-g03){#f4-ijo-54-06-1921}

![Silencing of p16 enhances the proliferation of Saos-2 cells by promoting cell cycle G1 phase to S phase transformation. Saos-2 cells were subjected to transfection with unspecific scrambled siRNA (negative control) and siRNA p16. (A and B) RT-qPCR and western blot analysis were carried out to analyze p16 expression. (C) The OD value at 450 nm was read by CCK-8 assay. (D) Cell cycle was investigated by flow cytometry. ^\*^P\<0.05 and ^\*\*^P\<0.01 vs. negative control; ^\^\^^P\<0.01 vs. negative control.](IJO-54-06-1921-g04){#f5-ijo-54-06-1921}

![Silencing of p16 reverses the inhibitory effects of miR-9 inhibitor on Saos-2 cell proliferation by promoting cell cycle G1 phase to S phase transformation. (A and B) The mRNA and protein expression levels of p16 were assessed by RT-qPCR and western blot analysis. (C) CCK-8 assay was carried out to determine the OD value. (D) Cell cycle was examined by flow cytometry. ^\*^P\<0.05 and ^\*\*^P\<0.01 vs. control + si-NC; ^\#^P\<0.05 and ^\#\#^P\<0.01 vs. hsa-miR-9 inhibitors + si-NC.](IJO-54-06-1921-g05){#f6-ijo-54-06-1921}

![Silencing of p16 reverses the inhibitory effects of miR-9 inhibitor on the ERK/p38/JNK pathway in Saos-2 cells. (A and B) The protein expression levels of ERK, p-ERK, p38, p-p38, JNK and p-JNK were examined by western blot analysis. ^\*\*^P\<0.01 vs. control + si-NC; ^\#\#^P\<0.01 vs. hsa-miR-9 inhibitors + si-NC.](IJO-54-06-1921-g06){#f7-ijo-54-06-1921}

![Silencing of p16 reverses the inhibitory effects of miR-9 inhibitor on tumor growth in mice with OS. (A and B) The tumor volume was quantified. (C) p16 expression was assessed by immunohistochemistry. (D) The weight of the tumors was measured. ^\*\*^P\<0.01 vs. control + si-NC; ^\#\#^P\<0.01 vs. hsa-miR-9 inhibitors + si-NC. OS, osteosarcoma.](IJO-54-06-1921-g07){#f8-ijo-54-06-1921}

###### 

The sequences of the primers used for RT-qPCR.

  Primer name               Sequence (5′-3′)          Product size (bp)
  ------------------------- ------------------------- -------------------
  miR-9                     F: GTGCAGGGTCCGAGGT       
  R: GCGCTCTTTGGTTATCTAGC   206                       
  p16                       F: CAGGTCATGATGATGGGCAG   
  R: GATGGCCCAGCTCCTCAG     223                       
  Cyclin A                  F: TAACCAGGTGATCGTGCAGT   
  R: TGGAGTCTGTGCCAAATCCT   217                       
  Cyclin D1                 F: CCCTCGGTGTCCTACTTCAA   
  R: CTTAGAGGCCACGAACATGC   219                       
  c-Myc                     F: GGACGACGAGACCTTCATCA   
  R: CGTTGAGAGGGTAGGGGAAG   245                       
  U6                        F: ACACCAAGCAGTCCGAAGAG   
  R: ACAAAATTTCTCACGCCGGT   220                       
  GAPDH                     F: CCATCTTCCAGGAGCGAGAT   
  R: TGCTGATGATCTTGAGGCTG   222                       

F, forward; R, reverse.

###### 

Association between p16 expression and the clini-copathological characteristics of patients with osteosarcoma.

  Groups            No. of patients   Low p16 expression   High p16expression   P-value
  ----------------- ----------------- -------------------- -------------------- -----------------------------------------------------
  Age (years)                                                                   
   \<60             15                8                    7                    0.513
   ≥60              10                4                    6                    
  Sex                                                                           0.821
   Male             12                5                    7                    
   Female           13                6                    7                    
  Tumor size (cm)                                                               0.011[a](#tfn2-ijo-54-06-1921){ref-type="table-fn"}
   \<3              9                 2                    7                    
   ≥3               16                12                   4                    
  TNM stage                                                                     0.025[a](#tfn2-ijo-54-06-1921){ref-type="table-fn"}
   I and II         8                 3                    5                    
   III and IV       17                14                   3                    
  Lung metastasis                                                               0.008[b](#tfn3-ijo-54-06-1921){ref-type="table-fn"}
   No               14                4                    10                   
   Yes              11                9                    2                    

P\<0.05 and

P\<0.01, indicate statistical significance, determined by the Chi-square test.
